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Abstract : 

PROBLEM TO BE SOLVED: To provide a measuring method, for 
human lipoprotein oxide, in which lipoprotein oxide such as 
LDL oxide or the like in circulating blood can be detected 
with high sensitivity and quantitatively by a comparatively 
simple procedure. 

SOLUTION: In a measuring method for human lipoprotein oxide, 
lipoprotein oxide in blood plasma is measured by using an 
antibody which recognizes an antigen generated by the 
oxidation of a phospholipid. In the measuring method, a 
compound obtained by artificially oxidizing the phospholipid 
and/or a combination of the compound of blood plasma protein 
are used as standard substances for measurement so as to be 
detected. When an antibody which recognizes an antigen 
generated by the oxidation of phosphatidylcoline under the 
coexistence of a peptide or an antibody obtained by 
sensitizing a proper animal by a gruel-like hardened focus is 
used as the antibody, an especially good result is obtained. 
In addition, an antibody which is generated by hybridomacell 
line F0Hla/DLH3 (Consignment No. PERM P-14153) is used 
especially suitably. 
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The interactions of high density lipoprotein (HDL) and acetylated high density 
lipoprotein (acelyl-HDL) with isolated rat sinusoidal liver cells have been investi- 
gated. Cellular binding of ^"I-acetyl-HDL at O^C demonstrated the presence of 
a specific, saturable membrane-associated receptor. This receptor was affected 
neither by formaldehyde-treated albumin nor by low density lipoprotein modified 
either by acetylation or malondialdehyde, ligands known to undergo receptor- 
mediated endocytosis by the cells, indicating that the receptor for acetyl-HDL 
constitutes a distinct class among the scavenger receptors for chemically modified 
proteins. Parallel binding experiments using "M-HDL also revealed the presence 
on these cells of a receptor for unmodified HDL. The ligand specificities of these 
two receptors were similar to each other except that the acelyl-HDL receptor was 
sensitive to polyanions such as dextran sulfate and fucoidin. Interaction of HDL 
with the cells at 37°C was totally different from that of acetyl-HDL. Cellular 
binding of HDL was not accompanied by subsequent intracellular degradation of 
its apoprotein moiety, whereas its cholesterol moiety was significantly transferred 
to the cells. In contrast, acetyl-HDL was endocytosed and underwent lysosomal 
degradation as a holbparticle. This shift in receptor-recognition from the HDL 
receptor to the acetyl-HDL receptor was accomplished by acetylation of --8% of the 
total lysine residues of HDL apoprotein. This unique difference in endocytic be- 
havior between HDL and acetyl-HDL suggests a potential link of the HDL receptor 
to HDL-mediated cholesterol transfer in sinusoidal liver cells. 
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Rcccpior-mcdialed cndocytosis of chemically 
modified proteins, generally called '^scavenger 
function,'* is one of the prominent features of 
macrophages or macrophage-derived cells, and a 
potential link lo atherosclerosis has recently been 
suggested (7, 2), Ligands so far known to be 
endocyloscd in this way include maleylaled albu- 
min (3-5), acctyl-LDL (5-5). malondialdehydc- 
modified LDL (P. JO), and f-Alb The 
fact that when infused intravenously, these ligands 
undergo receptor-mediated cndocytosis by sinus- 
oidal liver cells, major scavenger cells /// vivo, 
makes it feasible to use these cells to elucidate the 
molecular mechanism of scavenger function of 
macrophages or macrophage-derived cells (7^-/6). 
Previous studies have clarified that these cells ex- 
press at least two scavenger receptors, one for 
acetyl-LDL, and the other for aldehyde-modified 
proteins such as f-Alb (16, 17). However, these 
receptors have the common property of being 
sensitive to polyanions such as dextran sulfate and 
fucoidin (76). This, coupled with the fact that 
these chemical modifications in general increase 
the net negative charge and render these ligands 
highly anionic (7, 5, 18), has strongly suggested 
that a polyanionic character may be crucial in the 
recognition by these scavenger receptors, and has 
led to a prevailing view that LDL chemically 
modified in situ (7, 19), or LDL conjugated with a 
naturally occurring polyanion such as proteoglycan 
(20) is responsible for an atherosclerotic process. 

In contrast to LDL, a protective role against 
atherosclerosis has been emphasized with HDL 
largely due to the epidemiological evidence that 
plasma HDL levels are inversely correlated with 
the incidence of coronary artery disease (27), Two 
major potential functions of HDL are removal of 
peripheral tissue cholesterol ("reverse cholesterol 
transport") (22, 23) and transport of cholesterol 
to various tissues, particularly to steroidogenic 
tissues for horiDone synthesis (24-26). However, 
the molecular mechanism whereby HDL plays a 
role in cholesterol metabolism in macrophages or 
macrophage-derived cells remains unknown except 
for the suggestion that HDL serves as an acceptor 
to remove cholesterol from cholesteryl ester-laden 
macrophages (7). This uncertainty seems to arise 
from two factors. First, although several labo- 
ratories have demonstrated the presence of the 
HDL receptor in various tissues (27-39), a direct 



link between the specific binding of HDL to its 
receptor and HDL-mediated cholesterol transfer 
to or from cells is not firmly established. Second, 
a consensus has not been reached as to whether 
HDL undergoes typical cndocytosis like a ligand 
known to be endocytosed via the LDL receptor 
pathway, or as to whether the cholesteryl moiety 
of HDL is processed differently from its apopro- 
tein moiety during the interaction with cells. 

During the course of our investigations on the 
scavenger function of sinusoidal liver cells for 
chemically modified proteins, we found that acetyl- 
HDL underwent receptor-mediated cndocytosis 
through a pathway distinct from f-Alb or acetyl- 
LDL, indicating the presence of a new scavenger 
receptor for acetyl-HDL. Furthermore, parallel 
binding experiments using '"I-HDL also revealed 
the presence on the same cells of a receptor for 
HDL. The present study was attempted to in- 
quire into the mechanism by which acetylation of 
HDL might alter the specificity of receptor-recogni- 
tion from the HDL receptor into the acetyl-HDL 
receptor. The results disclosed a clear distinction 
in the mode of receptor-mediated cndocytosis be- 
tween HDL and acctyJ-HDL, suggesting that a 
membrane receptor for HDL is functionally cou- 
pled with HDL-mediated cholesterol transfer into 
sinusoidal liver cells and probably other cells of 
macrophage origin. A preliminary account of 
this work has been published elsewhere (40). 

MAT£RTALS AND METHODS 

Chemicals — Collagenase and acetic anhydride 
were obtained from Wako Chemical Co. (Osaka. 
Japan). Trypsin, fucoidin. and dextran sulfate 
(Afr= 5,000) were from Sigma. Heparin-agarose 
gel was from Pharmacia Fine Chemicals. Na*"I 
(14.2 mCi//ig of iodine) was purchased from Amer- 
sham and PH]cholesteryl oleate (cholesteryl- 1,2, 
6.7-PH) (N)) (72.0Ci/mmol) was from Kew Eng- 
land Nuclear. AH reagents used were of the best 
grade available from commercial sources. 

Lipoproteins — HDL (^/= 1.063-1.21 g/ml) and 
LDL (f/= 1.019-1.063 g/ml) were isolated by u^tra- 
centrifugation from fresh human plasma of nor- 
moJipidemic subjects after overnight fasting as 
described previously (75), and these lipoproteins 
were dialyzed against 0.15 M NaCl and 1 mM 
EDTA (pH 7.4). The purity of the LDL prepa- 
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ration was the same as that reported previously 
(id). The HDL was further treated by heparin- 
agarose affinity chromatography {41) to remove 
traces of apoproteins E and B. The HDL prepa- 
ration thus obtained was found to contain no 
apoprotein E or B upon sodium dodccyl sulfate 
polyacrylamide gel electrophoresis. These lipo- 
proteins were sterilized by ultrafiltration (0.45 /// 
fillers) and stored at 4°C. Protein was measured 
by the method of Lowry a!, {42) u§ing bovine 
serum albumin as the standard. Agarose gel elec- 
trophoresis was performed using the Pol-E-Film 
system for lipoprotein electrophoresis (Coming) 
at pH8.6 and staining was done with Fat Red 
7B. 

Chemical Modification and Ugand lodination 
--:^Acetyl-HDir^anH'*^ce 

^acctylation-.with^acetic*anhydride^{'/o; fercording to 
the method of Basu et al. (43). To prepare the 
acetyl-HDL preparations with different degrees of 
modification, acetic anhydride solution (3, 6, and 
10.;*l) or 50-fold diluted acetic anhydride with 
dioxane (6 and 30 //I) was added to €ach tube 
containing 2 mg of HDL in 50% saturated sodium 
acetate. After incubation on ice for 30 min at 
pH7.0, each sample was dialyzed against 0.15 M 
NaCi and 1 mM EDTA {pH 7.4). The extent of 
lysine modification by .acetylation-^or malondialde-s?* 
■:hydeitreatment^wasrdetermined-as>described- (77) 
according to the method of Habeeb {44) with 
irinilrobenzenesulfonic acid, as the difference in 
lysyl residues of modified and unmodified HDL: 
The extents of lysine modification of the resulting 
five acetyl-HDL preparations were 8,0, 44.6, 61.2, 
71.9, and 89.1%. Except for the experiment 
shown in Fig. 6, the extent of lysine modification 
of acelyl-HpL used was 85. 1-92.5 %. Malondialde- 
hyde-modificd HDL (the extent of lysine modifi- 
cation: 92.0%) was prepared as reported previ- 
ously {40). Unless otherwise specified, HDL. 
acetyl-HDL, and acetyl-LDL were iodinated with 
(^"I) {16) to specific radioactivities of 1.600, 2.200, 
and 1. 430 cpm/ng. respectively. Acetylation of HDL 
under the present conditions did not produce any 
appreciable polymerized preparation of acetyl- 
HDL when determined by gel permeation chro- 
matography on a TSK-3000SW column (Toyo 
Soda), or by electrophoresis on agar gel (see Fig. 
6, inset). Furthermore, the acetylation did not 
significantly affect the content cither total choles- 



terol or cholesteryl esters of HDL. 

Lahelinff of HDL and Accfyl-HDL with r^H]- 
Cholesteryl HDL was labeled with ['HJ- 

cholesteryl oleate by a slight modification of the 
method reported by Blomhoff et al. (15). Briefly, 
to 0.5 ml of freshly prepared human lipoprotein- 
deficient scrum {d>\.25 g/ml) containing the cho- 
lesteryl ester transfer protein {45) was added 50 //I 
of PH]chdlesteryl oleate (0.69 nmol) in toluene. 
Following the evaporation of toluene by flushing 
with nitrogen and incubation at 37-C for 10 min, 
O.l ml of HDL (0.84 mg) was added and incuba- 
tion was continued for 7 h at 37=C. The HDL 
fraction was then reisolated by ultracenlrifugation 
and dialyzed for 24 h at 4^C against 0.15 M NaCl 
and I mM EDTA {pH7.4). About 25% of the 
originally added radioactivity was recovered in the 
final HDL preparation. The incorporation of 
PH]cholesteryl oleate into the total cholesteryl 
ester of HDL was about 0.04%. The specific 
activity of ^H-HDL preparation was 7.600 dpm//ig 
•of HDL iprotein^ corresponding to about 26.700 
dpm/>g of total cholesteryl ester {46). Labeling 
of acetyl-HDL with PH]cholesteryl oleate was 
performed in the same way as described above to 
a specific radioactivity of 1.72x 10* dpm//ig of 
protein. 

In Vivo Experiments — Plasma clearance of 
i'*I-acetyl-HDL was determined as described pre- 
viously {17, 46). A sample containing 3-5 //g of 
»"I-acetyl-HDL in 20 mM sodium phosphate and 
0.15 M NaCl (pH. 7.4) was injected intravenously 
(0.1 ml/100 g body weight) via the right femoral 
vein of a male Wistar rat (200-220 g). Blood 
samples (100 ;/l) were withdrawn at various times 
from the jugular vein into hcparinized tubes, fol- 
lowed by centrifugation at 1,000 xg for 5 min at 
4'C. Each plasma aliquot (30;a) was measured 
for TCA-precipitable radioactivity. The amount 
of TCA radioactivity in' plasma was expressed as 
a percentage of the injected dose assuniing a plas- 
ma volume of 3.13 ml/100 g body weight, as de- 
scribed previously {47). The plasma clearance 
curve of ^'-n-acetyl-HDL represents a typical pat- 
tern obtained from four separate experiments. 

To determine the tissue distribution of radio- 
activity derived from '"I-acetyl-HDL. the animals 
were sacrificed at the indicated times after injec- 
tion of "M-HDL and organs were removed as 
follows. Prior to excision, the liver was flushed 
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via the portal vein witli 20 ml of ice-cold 0.15 M 
NaCI. Other organs such as spleen, kidney, heart, 
lung, thymus, and intestine were also excised and 
washed similarly with ice-cold saline. These tissues 
were homogenized in 10% TCA solution and 
TCA-precipitab!e radioactivity was determined. 
Under the present conditions, no appreciable in- 
crease in TCA-soluble radioactivity was observed. 
The value at each time point represents the mean 
value of triplicate experiments. 

To assess the contribution of hepatocytes and 
sinusoidal cells to hepatic uptake of acetyl-HDL, 
rals were injected with 5 //g of »-=I-acetyl-HDL and 
the liver was perfused /// situ with a solution con- 
taining collagenase 6 min after injection, followed 
by separation into hepatocytes and sinusoidal liver 
cells (47). TCA-precipitable radioactivity was 
determined with each isolated cell population (47), 

Bindins Assay — Rat sinusoidal liver cells pre- 
pared as described previously (72) were suspended 
in Eagle's minimal essential medium containing 
3 % bovine scrum albumin buffered with 20 mM 
2-(4-hydroxyethyl)-l-piperazineethanesulfonic acid 
to pH 7.4 (buffer A). Binding assay was per- 
formed as described previously (16). Briefly, a 
reaction mixture contained, in a total volume of 
0.1 ml of buffer A, 3 x 10<^ cells and a fixed amount 
of ^=^I-acetyl-HDL or '-^I-HDL in the absence or 
presence of an unlabeled ligand to be tested. The 
reaction was initiated by the addition of a radio- 
labeled ligand and the mixture was incubated on 
ice for 90 min with several periods of gentle mixing 
on a Vortex mixer (the time for the binding reac- 
tion was determined from a preliminary experi- 
ment in which the amounts of these radiolabeled 
ligands bound to the cells reached a plateau within 
60-90 min). Upon termination of the reaction, 
1.0 ml of buffer A was added to each tube, fol- 
lowed by centrifugation at 12,800 xg for 25 s at 
4'C. The supernatant was discarded and the 
pelleted cells were resuspended in I.O ml of ice-cold 
buffer A. The cells were then washed twice more 
to determine the cell-associated radioactivity. Un- 
less otherwise specified, each value in he figures 
represents the mean value of triplicate assays. 

Endocytosis and Subsequent Intracellular Deg- 
radation — After preincubation for 10 min at 37-C, 
the cells (1.2x10') were incubated at 37°C with 
3 /ig of *=^I-acctyl-HDL or ^"I-HDL in 2.0 ml of 
buffer A. At various times, aliquots (0.2 ml) were 



placed on the top of a mixture of dinonylphthalate 
and dibutyl phthalaie (1 : 3) in a polyethylene 
tube, followed by centrifugation at 1 2,800 x g for 
1 min. A portion (O.l ml) of the resulting super- 
natant was assayed for TCA-soluble radioactivity. 
The remaining supernatant including the oil layer 
was sucked off, and the radioactivity of the pellet 
was determined and expressed as cell-associated 
ligand as described previously (48). To examine 
the. effect of chloroquine, the cells were preincu- 
bated at 37'C for 30 min in the absence or presence 
of 200 /iM chloroquine and incubated with 2.0 ^tg 
of »"I-acetyl-HDL at 37"C. The TCA-soluble 
radioactivity in the cell-free medium of each ali- 
quot was determined as described above. 

The difference in endocytic behavior between 
apolipoprotein and the choleslcryl moiety of HDL 
was examined by incubating the cells either with 
"^I-HDL or [=»H]cholcstcryl olcate HDL. The 
cells (1.2x10') were incubated at 37^C with 10.8 
/<g (as protein) of either ^=*I-HDL or PH]cholesteryl 
olcate HDL. Aliquots were taken at various times 
and washed three times with ice-cold buffer A, 
and the cell-associated radioactivity was deter- 
mined. Under identical conditions, the cells were 
incubated with 10.6 /ig of either ^-*I-acetyl-LDL or 
['H]cholesteryI oleate acetyl-LDL and processed 
to determine the cell-associated radioactivity. 

Trypsinization — The effect of trypsin treat- 
ment was examined by the method of Biesbroeck 
et al. (29). Sinusoidal liver cells (2.4 x 10") in 4 
ml of buffer A were incubated with 80 /jg (as pro- 
tein) of ^-^I-HDL or PHlcholesteryl oleate HDL 
at 37'C. At indicated times, two aliquots (200 ^1 
each) were withdrawn and. transferred to tubes 
containing 1 ml of ice-cold Hanks' solution. The 
cells in each lube were washed three times with 
1 ml of the same ice-cold buffer. The resulting 
cell pellet in one tube was used to determine the 
cell-associated radioactivity. The pelleted cells in 
the other tube were subjected to trypsin treatment 
by resuspending them in 0.3 ml of the same buffer 
containing 0.5 mg/ml of trypsin. After incubation 
for 15 min at 37"C, the cells were sedimented by 
centrifugation at 4'C and resuspended in 0.8 ml of 
ice-cold buffer A and washed twice more. The 
radioactivity of these combined supernatant solu- 
tions was determined. The washed pellet was 
then dissolved in 0.1 n NaOH and its radioactivity 
was determined. Under identical conditions, the 
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cells were also incubated with »»I-acctyl-LDL, 
which is known to endocylosed through the acetyl- 
LDL receptor pathway {14-16), 

RESULTS 

Flnsma Clearance and Hepatic Uptake of ^'-V- 
Acetvl'HDL—\^pon intravenous injection of a 
trace amount (3-6 /(g) of ^"I-acetyl-HDL. its ra- 
dioactivity was cleared from the blood with an 
apparent half-life of about 2-4 min (Fig. 1). TCA- 
precipitable radioactivities incorporated into vari- 
ous organs after injection of «-I-acelyl-H DL 
showed that most of the label was taken up by 




30 40 

Time (min) 

Fig. 1. Plasma clearance and hepatic uptake of 
acciyl-HDL. Rats were injected intravenously with 
3-5 /'g of ^-M-acetyl-HDL. Blood samples were taken 
at the indicated times and TCA-prccipitabIc radioactivity 
in plasma (O) was determined and expressed as a per- 
centage of the injected dose as described under MA- 
TERIALS AND METHODS/' Hepatic uptake of 
«*I-aceiyl-HDL was measured in parallel experiments. 
At the indicated times after injection oF the ligand, 
TCA-precipitablc radioactivity of the liver was deter- 
mined and expressed as a percentage of the total injected 
dose(*). 



the liver (data not shown). Concurrent with the 
rapid decrease in its plasma level, the radioactivity 
incorporated into the liver increased sharply and 
reached a maximal level 6 min after injection, 
when the label accumulated in the liver accounted 
for about 60% of the injected dose, followed by 
a gradual decrease to 20% within 3h after the 
injection. 

To determine the cells responsible for the 
hepatic uptake of acetyl-HDL, hepatocytes and 
sinusoidal cells were separated from liver excised 
at 6 min after the injection of '-s^.acetyl-HDL, 
when maximal hepatic accumulation was observed 
(see Fig. 1). As Table I shows. TCA-precipitable 
cell-associated radioactivity per cell was 2.4-fold 
higher in sinusoidal liver cells than in hepatocytes. 
If it is assumed that the cell number of hepatocytes 
per liver is about 2 times as large as that of sinu- 
soidal cells {47, 49), it is likely that sinusoidal cells 
may preferentially contribute to the hepatic uptake 
of acetyl-HDL. 

Bindiitg of Acetyl-HDL and HDL to Sinu- 
soidal Liver Ce//j— Figure 2 shows the binding of 
"-I-acctyl-HDL to the cells as a function of con- 
centration. The binding was inhibited by more 
than 80% by an excess of unlabeled acetyl-HDL. 
The specific binding, exhibiting a typical saturation 
curve, indicated the presence of a receptor specific 
for acetyl-HDL. The Scatchard analysis of this 
binding process gave a straight line, suggesting a 
single mode of binding with an apparent of 
3.5 X 10-8 M and i?max of - 19.0 ng of the ligand/ 
lO'^ cells (Fig. 2. inset). 

In addition to the receptor for acetyl-HDL, 
the presence of a receptor for unmodified native 
HDL was also demonstrated by parallel binding 
experiments using ^«I-HDL (Fig. 3). Although 



TABLE L Distribution of radioactivity of -I-acetyl-HDL between hepatocytes ^^^^^^^^^^^^^ 

nous injection. Rats were injected with 5 .ng of «^I-acetyl-HDL and the hver was perfused s,u 6 ^^l^'^''^^^^^^ 

°r:i Ao,>„io„ c„„.ini« oo„„=„..c. '^^rr'^MA'^^SS AND ^SoDt.-' ■ wT stf d 

T^T^l^^^^^^^^^ i<y^9Y The experiments were performed several times with s.m.lar results. 



cpm/10' cells 



cpm/g of liver 



Radioactivity in total 
liver (% of given dose) 



Hepatocytes 
Sinusoidal cells 



747 
1,757 



9,715 
10.543 



26.2 

28.4 
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10 15 20 

^25i-Acelyl-HDL(>jg/ml) 



Fitj. 2. Binding »-'J.acciyl-HDL lo sinusoidal liver 
cells as a function of concentration. Each lube con- 
tained 3 x 10"^ cells and increasing amounts of »-M-acelyl- 
HDL in O.l ml of buffer A. After incubation for 90 
min at O'C, the total binding (O) was determined as 
described under - MATERIALS AND METHODS," 
Nonspecific binding (•) was determined by parallel 
incubation in the presence of 1 ml/ml of unlabeled 
acetyl-HDL. Specific binding (a) was obtained by 
subtracting nonspecific binding from total binding. 
Assays were run in triplicate. The Scatchard analysis 
of the specific binding was performed as described (75) 
and is shown in the inset. 



the replacement by unlabeled HDL was less efTec- 
tive compared lo the case of acetyl-HDL. a plot of 
the specific cellular binding of »=^I-HDL versus its 
conceniraiion displayed saturation kinetics (Fig. 
3A) with an apparent of 7.5 x lO""* M and Smax 
of.-- 10.3 ng of HOL/IO*^ cells'(Fig. 3B). Thus, 
it is evident that sinusoidal liver cells possess on 
their surface membrane receptors for both HDL 
and aceiyl-HDL. 

Figure 4 shows the results of cross-competition 
experiments. The binding of »'-I-acetyl-HDL to 
the cells was inhibited in a dose-related manner by 
unlabeled acetyl-HDL as well as by malondialde- 
hyde-modified HDL (Fig. 4A). However, unla- 
beled HDL partially inhibited the specific binding. 
Similarly, >"1-HDL binding to the cells was also 
inhibited lo a similar degree both by unlabeled 
HDL and acetyl-HDL (Fig. 4B). Furthermore, 
the cellular binding of both ligands was unaffected 
by EDTA (data not shown). Thus, it is possible 




2. 4 6 a 10 
Bound (ng/tO^ceUs) 



10 20 

'^l-HDL{>ig/ml) 



Fig. 3. Binding of ^"I-HDL to sinusoidal liver ceils 
as a function of concentration. A. The cells were incu- 
bated on ice for 90 min with increasing amounts of 
"U-HDL. After washing with ice-cold buffer A. total 
binding (O) was determined as described under MA- 
TERIALS AND METHODS." Nonspecific binding 
(#) was determined by parallel incubation in the 
presence of 2 mg/ml of unlabeled HDL. Specific bind- 
ing (z^) was plotted after correction for nonspecific 
binding. B, The Scatchard plot of the specific binding 
obtained in A. 




"0 so no ISO 2D0 

Unlabeled Ligand(^/ml) 



"5 so ioo ISO 200 
UnUt)e*ed Ligand(;jg/ml) 



Fig. 4. Effect of several compounds on binding of ^-M- 
acetyl-HDL (A) or »-*l-HDL (B) to sinusoidal liver cells. 
A. Each tube contained, in a total volume of 0.1 ml of 
buffer A. 3 x lO*^ cells, 0.5 //g of *--I-acetyl-HDL. and the 
indicated concentration of one of the following unlabeled 
ligands; acetyl-HDL (•)» HDL (O). malondialdehyde- 
modified HDL (>0. dextran sulfate (■), fucoidin (a). 
acetyl-LDL (D). malondialdehyde-modified LDL (z^), 
and f-Alb (T). After incubation on ice for 90 min. the 
amounts of the cell-associated radioactivity were de- 
termined as described under " MATERIALS AND 
METHODS." The 100% value for the binding of 
'='I-acctyl-HDL was determined in the absence of any 
competing compounds. B. The effects of the same 
compounds on the binding of '-'I-HDL to the cells were 
determined under the same conditions as described 
above except that »-*I-acetyl-HDL was replaced by 0.5 
/fg of »='I-HDL (1.600 cpm/ng). 
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that specific recognition of acetyl-HDL and HDL 
by the cells is mediated by the same receptor. 
However, the cffccls of polyanionic compounds 
such as dextran sulfate and fucoidin make this 
possibility unlikely. Indeed. '=M-acetyl-HDL bind- 
ing to the cells was affected to a significant degree 
by these polyanions (Fig. 4A), while they had no 
effect on '"I-HDL binding (Fig. 4B). U is reason- 
able to expect therefore that the acetyl-HDL recep- 
tor resembles the HDL receptor, but they arc 
distinct, in a strict sense, from each other in 
polyanion sensitivity. Our previous study {16) 
demonstrated that sinusoidal liver cells possess at 
least two different scavenger receptors for chemi- 
cally modified proteins; one' for acetyl-LDL or 
malondialdehyde-modified LDL and another for 
f-Alb, Since these unlabeled ligands were totally 
ineffective on the binding of "*I-acetyl-HDL to 
the cells (Fig. 4), it is likely that the acetyl-HDL 
receptor might constitute a distinct, class among 
the scavenger receptors for chemically modified 
proteins. 

Difference in Endocytic Behavior between Re- 
ceptors for Acetyl-HDL and //X)jL— To test a pos- 
sible functional difference between the HDL recep- 
tor and the acetyl-HDL receptor, endocytic uptake 
of the ligands, an event occurring subsequent to 
the initial binding, wfas examined by incubating 
"»I-aceiyl-HDL or «*I-HDL at 37°C with sinu- 
soidal liver cells. As shown in Fig. 5, the cell- 
associated "*I-acetyl-HDL increased with time and 
reached equilibrium within 80 min. The intra- 
cellular degradation of the ligand, as determined 
by an increase in TCA-soluble radioactivity in the 
incubation medium, started at around 15-20 min 
after the addition of the radiolabeled ligand and 
continued to increase with time thereafter. Marked 
inhibition of intracellular degradation of *"I-acetyl- 
HDL by chloroquioe, a well-known lysosomo- 
tropic reagent (Fig. 5, inset), strongly suggests that 
the lysosomal protease system is responsible for 
the intracellular degradation of the endocyiosed 
acetyl-HDL. Thus, it is likely that acetyl-HDL 
is cndocytoscd through a typical endocytic path- 
way» like ligands for other scavenger receptors 
such as acetyl-LDL (i, 14. 15) and f-Alb (//, 12), 
In contrast to acetyl-HDL. HDL behaved 
quite differently upon incubation with the cells at 
IVC. As Fig. 5 shows, the cell-associated radio- 
activity increased with time, although the amounts 



of *"I-HDL. bound to the cells were about one- 
third of those of "n-acetyl-HDL. However, the 
subsequent intracellular degradation did not take 
place. These results indicate that acetyl-HDL 
binds to a membrane-associated receptor, followed 
by internalization and intralysosomal degradation 
whereas the ligand-receptor complex formed be- 
tween HDL and its receptor may escape the sub- 
sequent intralysosomal degradation. The sharp 
contrast in endocytic behavior between these two 
ligands indicates- that these receptors are also 
functionally distinct from each other. In support 
of this notion is the observation that the intra- 
cellular degradation of '-M-acetyl-HDL was sig- 
nificantly inhibited by unlabeled acetyl-HDL {40), 
whereas unlabeled HDL itself had no appreciable 
effect on this degradation process (Fijg. 5, inset). 

Endocytic Uptake of Acetyl-HDL as a Func- 
tion of Acetylation — ^The above finding that acetyl- 
HDL but not HDL undergoes intracellular degra- 
dation subsequent to the cell surface binding 
warrants the selective determination of the activity 
of acetyl-HDL receptor by measuring the rate of 
intracellular degradation of the ligand. We ex- 
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Fig. 5. Endocytic uptake of "M-acetyl-HDL and 
HDL by sinusoidal liver cells. The cells were incubated 
at 37"C with 3 /ig of »*I-acctyl-HDL. Aliquots were 
withdrawn at the indicated times to determine cell- 
associated radioactivity (•) and TCA-solubIc radio- 
activity released into the incubation medium (O)- 
Under identical conditions, the cells were incubated 
with 3 /'g of *"I-HDL to determine cell-associated 
radioactivity (a) and TCA-soluble radioactivity in the 
medium (a). The inset shows the effects of chloro- 
quine (■) and unlabeled KDL (□) on the intracellular 
degradation of »»I-acciyl-HDL (O). 
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amined Ihc correlation between the extent of acei- 
ylation of HDL and the generation of the ligand 
activity for the acetyl-HDL receptor. Five HDL 
preparations acetylaled to diflTerent extents were 
labeled with '"I and examined for intracellular 
degradation by the cells. As shown in Fig. 6, 
significant degradation was observed with an acctyl- 
HDL preparation in which only 8% of the total 
lysine residues were modified. Further acctylaiion 
progressively increased the rate of lysosomal hy- 
drolysis of the cndocytosed ligand, and acetylaiion 
by > 60% led to ihc generation of an almost maxi- 
mal ligand activity. Thus, it is likely that exien- 




sivc modification of HDL is not requisite for the 
generation of the ligand activity, but rather, modi- 
fication of HDL to a limited extent would be 
sufficient for recognition by the acetyl-HDL recep- 
tor. This notion was also supported by the elec- 
irophoretic mobility of these acetyl-HDL prepara- 
tions on an agarose gel (Fig. 6, insel). 

DisproportiotHHc Behavior of Apoprotein and 
Cholesterol Moiety of HDL during interaction with 
Sinusoidal Liver Cells — The unique behavior of 
the HDL receptor shown above (Fig. 5) was fur- 
ther characterized. To determine whether or not 
the cholesteryl moiety of HDL behaves differently 
from the apoprotein moiety of HDL in the inter- 
action with sinusoidal liver cells, the cells were 
incubated at BT'^C with the same protein concen- 
tration of i-M-HDL or PH]cholesieryl oleate HDL, 
or with »-n-acetyl-HDL or PH]cholesteryl oleate 
acetyl-HDL, followed by determination of the 
cell-associated radioactivity. The amounts of the 
cell-associated HDL derived from [^H]cholesteryl 
oleate HDL exceed those derived from "*I-HDL 
by more than 8-fold (Fig. 7A), while the amounts 
of cell-associated radioactivity derived from [^H]- 



~0 20 40 60 BO KO 
Lysine modified (7. of control ) 

Fig. 6. Correlation of the extent of acetylation with 
the generation of ligand activity for- the acetyl-HDL 
receptor. Five preparations of acetyl-HDL (samples 
b-f) with different degrees of acetylation were prepared 
as described under ** MATERIALS AND METHODS." 
Each preparation was iodinatcd with '"I (400-600 cpm/ 
ng) and its intracellular degradation rate by the cells 
was determined. Each tube containing L2xlO' cells 
and 3 ^ig of »-*Mabclcd preparation in 2.0 ml of buffer 
A was incubated at 37*C and aliquols were withdrawn 
periodically to determine TCA-solubIc radioactivity in 
the supernatant. Assays were run in "duplicate. The 
plot of increase in TCA-soIuble radioactivity in the 
medium against incubation time gave a straight line 
(see Fig. 5), from which the degradation rate of each 
"*I-acetyl-HDL preparation was determined and 
presented as ng/h-lO* cells. Parallel incubation of the 
cells with 3 /tg of '-M-HDL (sample a) did not produce 
any appreciable increase in TCA-soluble radioactivity, 
as shown in Fig. 5. The inset shows the elecirophoretic 
patterns on an agarose gel of unmodified HDL (sample 
a) and five preparations of acetyl-HDL (samples b-f) 
used in this experiment. Arrowheads show the origin. 
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Fig. 7. Different endocytic behavior of apoprotein and 
cholesteryl moiety of HDL upon interaction with 
sinusoidal liver cells. A. The cells were incubated at 
ZVC with 10.8 /(g (as protein) of either "M-HDL (O) or 
['HJcholesieryl oleate HDL (•) in 2 ml of buffer A, 
The cell-associated radioactivity was determined in 
aliquots taken at intervals. B. The cells were incubated 
in parallel at 37X with J0,6//g (as protein) of either 
i»I-acelyl-HDL (O) or ['Hjcholesteryl oleate acetyl- 
HDL (•) to determine the cell-associated radioactivity. 
Each point represents a mean value of duplicate experi- 
ments and the vertical bar shows the range. 
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cholcstcryl olcatc acetyl-HDL and i^^-acctyl-HOL 
were virtually identical during the interaction with 
the cells (Fig. 7B). A similar expcnnicnt with 
*"I-acctyl-LDL or PHjcholesteryl olcate acetyl- 
LDL, a ligand known to undergo receptor-medi- 
ated endocytosis and intralysosomal degradation 
by the same cells {14-16\ showed that amounts 
of cell-associated PH]cholestcryl olcate acetyl-LDL 
were almost equal to those of ^"I-acetyl-LDL (data 
not shown), exhibiting a pattern quite similar to 
tiiat observed with acetyl-HDL (Fig. 7B). These 
findings seem to suggest that acetyl-HDL behaves 
as a holoparticle during its interaction with the 
cells just as in the case of acetyl-LDL. In con- 
trast, the disproportionately higher incorporation 
of HDL cholesteryl moiety into the cells than that 
of HDL apoprotein moiety clearly indicates that 
these two moieties of HDL molecules behave quite 
independently of each other during interaction with 
the cells. This distinctive feature raises the pos- 
sibility that the interaction of HDL with sinusoidal 



liver cells may lead to the transport of the cho- 
lesteryl moiety into the cells. 

To further examine the difference in endocytic 
behavior between cholesterol and the apolipopro- 
tein moiety of HDL. the cells were incubated 
either with "=1-HDL or * PH]cholcsteryl oleale 
HDL at 37^C and the cells in aliquots taken at 
various times were washed with ligand-frec medium 
to remove unbound ligands, followed by treatment 
with trypsin. Trypsin-resistant ^'-M-HDL accounted 
for only 33% of the total cell-associated ligands. 
whereas the remaining portion (more than 60%) 
was accounted for by trypsin-releasable HDL (Fig. 
8A). However, this pattern was dramatically 
inverted when the cells were incubated with the 
same protein concentration of [*H]cholesteryl olc- 
ate HDL; trypsin-resistant HDL represented more 
than 65% of the total cell-associated ligand (Fig. 
8B). As a control, a similar experiment was pcr-^ 
formed with ^"I-acetyl-LDL. As shown in Fig. 
8C, the relation between trypsin-resistant and 
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Fig. 8. Effect of trypsin treatment on endocytic uptake of '==I-HDL and PH]cholesteryl oleate HDL by 
sinusoidal liver cells. A. The cells were incubated with 80;ig (in protein) of ^=*I-HDL in 4.0 ml of buffer 
A at 37"C. Two aliquots (200 /»1 each) were withdrawn from the reaction tube. The cells in one aliquot 
were washed with ice-cold bulTer A to determine total cell-associated radioactivity (O). The cells in the 
other aliquot were washed to remove unbound ligands and then subjected to trypsin treatment, followed by 
determination of trypsin-rclcasablc radioactivity (a) and trypsin-resistant radioactivity (a). B. The 
cells were incubated in parallel with 80 //g (in protein) of l'H]cholesteryl oleate HDL and processed in the 
same way to determine total cell-associalcd (O). trypsin-rcleasable (A), and trypsin-resistant (a) radio- 
activity. C. Acetyl-LDL was used as a positive marker ligand to be endocytbsed through a receptor-medi- 
ated pathway by the cells. Under identical conditions, the cells were incubated at 37'C with 60 /ig of "U- 
acetyl-LDL and aliquots were processed at various times to determine total cell -associated radioactivity 
(O), trypsin-relcasable radioactivity (a), and trypsin-resistant radioactivity (a). 
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trypsin-releasablc ligand exhibited a pattern quite 
similar to that of [=H]cholesteryl oleate HDL (Fig. 
8B). Thus, these data represent further evidence 
10 support a functional, involvement of the cellular 
interaction of HDL in the cholesterol transport 
process. 

DISCUSSION 

The present study has characterized two membrane- 
associated receptors of sinusoidal liver cells, one 
for HDL and the other for its acetylated form 
(acctyl-HDL). Comparison of the endocytic be- 
havior of their jigands revealed an interesting con- 
trast. The binding of HDL to its receptor was 
followed by selective uptake of the cholestery! 
moicly without significant intracellular degradation 
of the apoprotein moiety. In contrast, acctylation 
converted HDL into a species which was readily 
recognized by the acetyl-HDL receptor and endo- 
cytoscd as a unit for lysosomal degradation. This 
unique endocytic behavior of the HDL receptor 
revealed by the contrasted behavior of the acetyl- 
HDL receptor strongly suggests the direct involve- 
ment of the HDL receptor system in cholesterol 
transfer into sinusoidal liver cells. 

An increase in net negative charge upon chem- 
ical modification seemed important for the ligand 
recognition by the acetyl-HDL receptor. How- 
ever, a plot of the endocytic uptake of acetyl-HDL 
versus acetylation appeared to show a threshold 
nature (Fig. 6) in a pattern similar to that of 
malondialdehyde-modified HDL {40). Thus, the 
ligand recognition by the acetyl-HDL receptor may 
require the modification of peptidyl lysine(s) in a 
particular portion(s) of HDL. rather than a simple 
increase in net negative charges induced by the 
chemical modification. The formation of such a 
receptor-recognition domain(s) has recently been 
proposed for scavenger receptors for acetyl-LDL 
(/, 5, J8) and aldehyde-modified proteins (17). 

The presence of a high affinity saturable mem- 
brane receptor for HDL has been suggested by the 
binding of "-I-labeled apoprotein E-free HDL to 
cells or membranes from several tissues (24-39). 
The HDL receptor is quite different from the LDL 
receptor. The receptor activity is Ca'-»--independeni 
and relatively insensitive to protease treatment. 
Furthermore, due mainly to the lack of definite 
information on the purified HDL receptor, the 



nature of the receptor remained controversial until 
quite recently, particularly as to whether the apo- 
protein moiety of HDL or its lipid moiety is 
responsible for the specific recognition by the 
receptor. Results from several laboratories (24- 
39) have suggested that the recognition site may 
reside in the HDL apoprotein, while Tabas and 
Tall (50) emphasized the importance of the lipid 
moicly of HDL in the interaction with cultured 
cells. However, recent reports (5J-54) have shown 
that chemical modification . of lysine or arginine 
residues of HDL apoprotein did not affect its 
binding activity, whereas modification of its tyrosine 
residues to 3-nitrotyrosines by tetranitromethane 
treatment resulted in a complete loss of the specific 
binding of HDL without affecting its nonspecific 
binding, strongly suggesting the presence of tyro- 
sine residue(s) at or near the receptor-binding site 
of HDL apoprotein A-1 or possibly A-2. This 
may be the case for the HDL receptor of sinusoidal 
liver cells because tctranitromethanc-modificd HDL 
was unable to compete with ^='I-HDL for specific 
binding to the cells (55). A further charade teriza- 
tion of the receptor-binding .site of HDL should 
help to explain why acetyl-HDL inhibited the HDL 
binding to sinusoidal liver cells (Fig. 4B). 

Another feature which differentiates the HDL 
receptor from the LDL receptor is postrcceptor 
events, phenomena occurring after initial binding 
of HDL to the surface membranes^ HDL binding 
is followed by intracellular degradation of its apo- 
protein moiety by some cells (26) but not by others. 
Recent experiments have established that the cho- 
lesteryl ester moiety of HDL behaves differently 
from its apoprotein moiety during interaction with 
cells. Biesbroieck et ai (29) have shown that 
although ^"1-HDL displayed saturable binding to 
human skin fibroblasts, HDL itself did not undergo 
intracellular degradation. On the other harid. using 
rat HDL doubly labeled with *"I-tyramine-cello- 
biose covalently attached to apoprotein A-I and 
with ['HJcholesteryl linolate^ Glass et ai (55) deter- 
mined the in vivo organ fractional catabolic rates 
of this reconstituted HDL in rats; the cholesteryl 
moiety was taken up to a greater degree than 
apoprotein A-I, particularly by the adrenal, ovary, 
and liver. This disproportionate' uptake of HDL 
cholesteryl esters relative to the apoprotein moiety 
was further confirmed in vitro with cultured hepa- 
tocytes and adrenal cells; the amount of apopro- 
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lein moiety taken up by adrenal cells was negligible 
compared with that of the choiestcryl moiety. 
They suggested therefore that HDL is not taken 
up as a holoparticle. In this regard, sinusoidal 
liver cells were similar to adrenal cells in their 
interaction with HDL; HDL binding to the cells 
was not followed by intracellular degradation of 
its apolipoprotein moiety, whereas the choiestcryl 
moiety was significantly transferred to the cells 
(Fig. 7). Upon acetylation of the apoprotein 
moiety of HDL. this characteristic difference in 
endocytic behavior between the apoprotein and 
choiestcryl ester moiety was abolished and Jyso- 
some-oricnted endocytosis occurred as a holo- 
particle via the acetyl-HDL receptor pathway (Figs. 
7 and 8). Thus, it appears that the unique endo- 
cytic behavior of HDL receptor might play a 
major role in cholesterol transfer into the cells. 

Schmitz et aL {57, 58) have recently provided 
important information on this unique behavior of 
the HDL receptor. Using HDL gold particles as 
a morphological probe, they showed that the 
derivatized particles bound to mouse peritoneal 
macrophages and were internalized into the cellu- 
lar interior via endocytic vesicles. However, no 
particles were found in lysosomes.- Under com- 
parable conditions, biochemical studies (57) 
showed that interaction of ^-^I-HDL with these 
cells did not result in an appreciable increase in 
TCA-soluble radioactivity. Moreover, when the 
cells were incubated with ^-^I-HDL and washed 
with iigand-free medium to remove unbound 
ligands. followed by further incubation at 37'C, 
the cell-associated radioactivity dramatically de- 
creased with a concomitant increase in the radio- 
activity in the incubation medium as TCA-prc- 
cipitable forms. Based on these observations, 
they proposed that HDL is internalized to form 
endocytic vesicles but resecreted back into the 
medium without lysosomal degradation (see Fig. 
9). This endocytic pathway of HDL bears a close 
resemblance to the transferrin receptor pathway; 
transferrin dissociates from its receptor, probably 
in the prelysosomal compartment, so that it is not 
degraded but rather released intact from the cells 
after endocytosis (59, 60). 

The mechanism of this receptor-mediated 
endocytosis and subsequent retroendocytosis was 
further substantiated by morphological and bio- 
chemical studies using monocyte macrophages ob- 
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pysosome^ 

Cholesteryl moiety (O) 
Apoprotein moiety of HDL (• ) 
Apoprotein moiety of acetyt-HOL ( ■ ) 
Membrane receptors (®.ll] ) 

Fig. 9. A proposed mode! for the mechanism of cho- 
lesterol transfer from HDL to sinusoidal liver cells via 
the HDL receptor pathway. Upon minor modification 
by acetylation or malondialdchyde treatment, HDL is 
converted into a species which becomes recognized by 
the acctyl-HDL receptor (Step 1).. A rcceptor-Iigand 
complex is internalized into the cells (Step 2) and 
delivered via endosomes to lysosomes (Step 3} for 
degradation. These cells also express on their surface 
the receptor for HDL. After the binding to this mem- 
brane receptor, HDL is taken up by endocytosis (Step 
4). However endocytosed HDL is released outside 
(Step 5) instead of being delivered to lysosomes (Step 
6). During this process, the cholcsteryl moiety of HDL 
is transferred to the cells, while its apolipoprotein moiety 
remains relatively intact. Thus, significant loss of the 
cholesterol moiety relative to the apolipoprotein moiety 
results in an increased density of the released HDL 
particles (iP, 62, 63). In mouse peritoneal macro- 
phages, the endocytic behavior of the HDL receptor is 
much more characteristic (57). A reccptor-ligand com- 
plex is internalized to form endosomes (Step 4) which 
arc subjected to retroendocytosis for rcsecrction of the 
iigand (Step 5). This sorting mechanism prevents these 
endosomes from going forward to lysosomes for pro- 
teolytic digestion of the ligand. Macrophages froim 
patients with Tangier disease have a genetic defect in 
this sorting mechanism (55). Thus, endosomes contain- 
ing HDL have no choice but to be delivered and to fuse 
with lysosomes for proteolytic degradation (Step 6). 
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rained from patients with Tangier disease {58). In 
monocyte macropliages from the patients, HDL 
was cndocytosed to form endocytic vesicles and 
delivered to lysosomcs for degradation, instead of 
being resecreted back into the external medium' 
(see Fig. 9). indicating that the pathogenesis of 
Tangier disease is auributable to a genetic defect 
in a mechanism for intracellular vesicular sorting. 
Moreover, this finding raised an interesting pos- 
sibility that the unique behavior of the HDL recep- 
tor is linked to the cholesterol influx into macro- 
phages or cholesterol efflux from cholesterol-laden 
macrophages. The present results obtained from 
sinusoidal liver cells provide experimental support 
for this possibility; i) these cells express two dis- 
tinct receptors on their surface membranes, one for 
HDL and another for acetyl-HDL. ii) a minor 
chemical modification of HDL apoproteins (acet- 
ylation) readily shifts the receptor recognition from 
the HDL receptor to the acetyl-HDL receptor, iii), 
more important, this shift in the receptor recogni- 
tion is accompanied by a new postreccptor event 
(a receptor-ligand complex formed between acetyl- 
HDL and its receptor is taken up and delivered 
to lysosomes for degradation) (see Fig. 9). In 
addition, if we take the established fact that 
scavenger receptors for chemically modified pro- 
teins arc characteristically expressed by macro- 
phages or macrophage-derived cells (7), it seems 
reasonable to propose that sinusoidal liver cells 
might serve as a novel experimental model to 
elucidate the physiological role of the HDL recep- 
tor system. 

Our preliminary studies indicate that rat per- 
itoneal macrophages expressed on their surface 
membranes the acetyl-HDL receptor as well as 
the HDL receptor and that the unique behavior 
of HDL was abolished upon minor acetylation of 
HDL in a similar . fashion to that observed in 
sinusoidal liver cells (Fukuda ei aL, unpublished 
observations). Thus, further information on the 
acetyl-HDL receptor at the molecular level and on 
its relation to the HDL receptor will facilitate an 
understanding of the role of HDL in cholesterol 
metabolism in macrophages or macrophage-derived 
cells, cells responsible for the formation of foam 
cells in atherosclerotic lesions (7, 6J). 

We are grateful to Dr. Seiji Fukuda for valuable dis- 
cussions and to Prof. Yasuhiko Matsukado for con- 
structive criiicism of the manuscript. 
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Abstract The aim of tlVis work was to prepare a recombinant 
apo E material and to determine its suitability as a reference 
material. We produced human apo E3 using recombinant DNA 
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technology. The cDNA of human apo E3 was cloned in the 
pARHS bacterial expression vector and used to transfect £. 
Colt BL21 (DE3) cells. The recombinant protein was then pu- 
rified in one step by affinity chromatography on a Ni-chelaied 
agarose column under denaturing conditions. The purity of the 
protein estimated by SDS PACE was greater than 96%. The 
physicochemical properties and biological and immunological 
reacuvity of the purified recombinant apo E3 were shown to be 
close to those of the protein purified from human plasma 
VLDL. A limiicd batch of lyophilizcd Apo E material was then 
prepared. The stability of the lyophilized apo E material exam- 
ined by tcnipcrature accelerated degradation was acceptable. 
No degradation of the measured apo E was observed after stor- 
age of the lyophilized materia] at +4'*C and -20** C for 11 
months. The reconstituted lyophilizcd material, in comparison 
with human fresh serum samples and with apo E purified from 
human VLDL, showed no major alteration of its immimologi- 
cal reactivity when assayed by immunocurbidimetry prELISA. 
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Introduction 

Apolipoproiein E (apo E) is a 34.2 kD polymorphic protein 
containing 299 amino acids. It exists in humans as three major 
isoforms named apo B2. apo E3 and apo £4. Apo E3 is the 
most frequent one in Caucasians with a prevalence of 77%. 
Apo £ plays a major role in lipoprotein metabolism through its 
ability to mediate specific binding of lipoproteins to several he- 
patic and extrahepatic recepiors (1). The importance of apo E 
polymorphism in the development of cardiovascular and ncu- 
rodegenerauve diseases is clearly established. This polymor- " 
phism strongly influences its serum concentradon, which has a 
direct influence on metabolic processes and lipoprotein metab- 
olism [2^5]. The measurement of apo E concentration, in addi- 
tion to apo Al and B. should give more information regarding 
the health status of patients. Currently apo E is determined us- 
ing commercially available kits or reagents made within the 
laboratories performing the measurements. Consequendy, there* 
are large discrepancies in the reported physiological serum 
(plasma) apo B level ranging from 30 to 250 mg/L [6]. As es- 
tablished for apo A I and B, the use of a common reference ma- 
terial could lead to better coherence of the results. The aim of 
this work is to study the feasibility of preparing a human apo E 
material using recombinant DNA technology and to test its 
suitability as a reference material for the measurement of apo E 
mass in blood plasma (or serum). 

The work involves five main steps 1) optimization of the 
production using recombinant DNA technology and the purifi- 
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cation of human apo E: 2) characterization of the physico- 
chemica!» biological and immunological properties of ihe puri- 
fied recombinant apo E in comparison to protein purified from 
human plasma VLDL; 3) production of purified recombinant 
apo E und selection of a matrix io prcpure u limited batch of 
lyophilizcd material; 4) characterization of the butch of lyo- 
philized apo E material, i.e.. homogeneity and stability studies; 
and 5) tnterlaboraiory trial using the lyophilized apo £ material 
to test its suitability »s a reference material. This last step is 
now in progress. 



Table 1 Physicochemical characteristics of the recombinant 
apo E3 in comparison with the apo E3 purified from human 
plasma VLDL [7] 



Results and discussion 

Production and purification of human recombinant apo E [7] 

The human apo E3 cDNA was cloned from total human liver 
RNA by reverse transcription and specific amplification (RT- 
PCR). Details abouc the cloning of the apo E3 cDNA are given 
in [7] and [8]. In fact, we cloned and expressed the full length 
apo E3 cDNA. The genotype was confirmed by DNA sequenc- 
ing of the cloned fragment. This cDNA was subcloned inio the 
procaryocic expression vector pAHRS-2. The resulting plasmid 
was introduced into Escherichia Coli strain BL21(D3). The re- 
combinant strains were grown in a Luria and Bertoni medium 
at 37** C The addition of p-lhiogalactosidc (IPTG) resulted in 
the expression of large amounts of apo E3 protein which was 
absent in repressed cells. Maximum expression level was ob- 
tained becween 3 and 4 h. 

The purification of the apo E3 from £. Coli strain BL21(D3) 
was carried out in one step by affinity chromatography under 
denaturing conditions. After lysis of the cclls> the supernatant 
was directly applied to a NiPro-Bond agarose column. The bound 
material was clutcd at pH 4.0. The eluted fractions were imme^ 
diately neutralized and extensively dialyzcd against bicarbon- 
ate buffer (100 mmol/L) at -t-4°C, aliquoted and stored at -SO*' 
G.Jhis reproducible isolation procedure yielded 15 to 20 mg of 
more than 96% pure recombinant apo E3 per liter of culture as 
assessed by SDS-PAGE electrophoresis and immunoblotting. 

Charaeterizauon of the purified recombinant apo E3 

For comparison purposes human apo E3 was purified from 
plasma VLDL as described in [7]. 

Physicochemical properties [7], Both recombinant apo E3 and 
apo E3 purified from human VLDL had similar secondary 
structure in their native and lipid associated form. The a-hcli- 
cal and P-sheet content and random coil structures of the re- 
combinant apo E3 were very close to those of the human pro- 
tein (Table 1). Moreover the two protein.s were equally reactive 
with phospholipids as shown by the kinetic association with 
dimyristoyl-phosphatidyl choline (DMPC) vesicles and by the 
separation and the characterization of the apo E-phospholipid 
complexes (Table 1). It was concluded that the recombinant 
apo E3 shared the same physicochemical characterisdcs as apo 
E3 purified from human VLDL. 

Immunochemical and biological reactivity [8], Recombinant 
and human apo E3 were characterized by surface plasmon 
analysis (SPR) using a Bialitc"rM (Pharmacia Biosensor, Swe- 
den). The interaction of immobilized human and recombinant 
apo E3 with three monoclonal antibodies, i.e.. 3B7, ID7 and 
3HI, was tested. The two proteins had similar affmities for the 
three monoclonal antibodies as shown by their interaction ki- 
netics summarized in Table 2. 

The biological activity of the recombinant apo E3 was as- 
sessed by testing the LDL-reccptor binding of apo E enriched 



Recombinant 
apo E3 



Humun purified 
VLDL apo E3 



Secondary structure analysis 
a-helice (%) 34 
P-sheet (%) 25 
P-ium(%) 16 
Random coil {%) 26 

Characterization of the DMPC/ 

apo £ complexes 
a-helice {^o)* 54 
Stokes radius (A)^ 69 

MW (kDa)** 450 

Phospholipid/protein 156 : 1 
(molar ratio) 



36 
25 
15 
24 



59 

67 
430 
157:1 



* According to Compton and Johnson [10] 
^Calculated from gel filtradon elution profile 

Table 2 Equilibrium dissociation constants of their interaction 
between 3 monoclonal anii-apo E antibodies and recombinant 
apo E3 in comparison with apo E3 purified from human VLDL 
[8) 



Monoclonal 
antibodies* 


Equilibrium dissociadon constant K^^ 


Recombinant 
apo E3 


Human purified 
VLDL apo E3 


3B7 


6.13 ±0.08 


2.35 ± 1.00 


3H1 


3.62 ± 0.08 


2.02 ±0.21 


ID7 


19.47 ±0.12 


10.46 ± 1.00 



= K'' is the r^tio K^-/K«\ where K-« and K<«« are association 

and dissociation (s~') rate constants, respectively 

* Monoclonal andbodies were a kind gift from Pr. Yves Marcel 



VLDL preparadons in macrophages. The results obtained 
■ showed that the recombinant apo E3 like the human protein 
was capable of associating with lipoproteins and of binding to 
the LDL receptor. 



Prcpararion of a limited batch of lyophiliacd apo E3 material 

About 13 mg of purified recombinant apo E3 were added to 
100 mL of a bicarbonate buffer based matrix to yield a final 
conccntradon of 100 ± 20 mg/L. The liquid preparation was 
dispensed into 0.5 mL vials and lyophilized (BehringWerke. 
Marburg. Germany), 210 vials of lyophilized recombinant apo 
E3 were produced. 

Preliminary studies were performed providing evidence that 
the selected matri;i ensured that the lyophilized material was 
stable without major alterations to its immunological reacUvlty. 
The stability of the lyophilized materia] was assessed during 
accelerated thermal dcgradarion. The materials stored at -20" C 
were stable as the variations observed were within the analyti- 
cal variation (Table 3). The variation of recombinant or human 
apo E concentration was less than 5% after storage for 6 months 
at +37° C and -f-20*C. After 14 months of storage, recombinant 
apo E3 seemed to be more stable than human apo E3. 
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Table 3 Stability of the 
lyophilizcd rccombirmnt opo 
E3 material in comparison 
with lyophtlized apo E3 puri- 
fied from human plasma 
VLDL during accelerated 
thermal degradation 



* Analytical variability of the 
method: within-day coeffi- 
cient of variation = 4% : bc- 
iwccn-days coefficient of 
variation » 7% 
Results of apo E assayed by 
immunoturbidimetry (apo E 
AutoDaiichi kit. Daiichi. 
Tokyo, Japan) and expressed 
as a percentage of the con- 
centration measured in sam- 
ples stored at -20^ C for the 
same time and determined in 
the same assay 



Duration of storage (days) 



Fcsability study 
Recombinant apo £S 



ApoE 

concentration'* 
(mg/L). 

Samples stored 
at-20»C 



Relative concentration of apo 
{% of samples stored at-SCC) 

Temperature of storage 

+4*C +20** C +37' C +56" C 



20 


36.3 








92 


180 


34.3 




102 


97 




420 


31.3 




106 






Human apo E3 












20 


35.5 








101 


180 


34.6 




98 


96 




420 


33.2 




85 






Batch of recombinant apo E3 












30 


75.8 






93 


81 


90 


S5.4 




97 


98 


77 


ISO 


85.6 


94 


90 


90 


69 


330 


80.5 


97 


89 
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Fig.l Immunological behavior of the lyophilized and the 
frozen recombinant apo E3 in comparison with human VLDL 
purified apo E3 and human fresh serum 



The immunological behavior of the reconstituted lyohilized 
recombinant apo E3 was studied by measurement of several di- 
lutions of the material in comparison with the frozen recombi- 
nant apo E3, the human VLDL purified apo E3. and fresh hu- 
man scrum samples using lurbidimetric and ELISA methods. 
The results obtained demonstrated a similar bchavjor between 
the lyophilized recombinant apo E3 and the other tested sam- 
ples (Fig. J). 



Characterization of the batch of lyophilized recombinant apo £3 

Homogeneity. A>po E concentration was measured in .duplicate 
in 12 different vlals taken at random by immunoturbidimetry 
and by colorimca7 according to the method of Lowry (9) using 
bovine serum albumin (BSA) as standard. The mean ± SD val- 
ues were 74.5 ± 2.06 mg/L (CV = 2.8%) and 90.7 ± 3.34 mg/L 
(CV = 3.79o) for the immunoiurbidimetric and the Lowiy's 



methods, respectively. The batch was considered as homoge- 
neous since CVs values were < 5%. 

Stability, After storage of the lyophilized material at +37" C for 
six months and at +20° C for 1 1 months the variations of apo E 
concentration measured by immunoturbidimetry were 10% and 
11%, respcciivcly and 3% after storage for 11 months and 
+4**C (Table 3). The reconstituted materia] was stable for at 
least 3 days at +4° C and at room tempcratuic. 



Conclusion 

The results obtained in the feasibility study for the preparation 
of a human recombinant apo E reference material are encour- 
aging. The recombinant apo E3 shows physicochemical. bio- 
logical, and immunological properties close [o those of ihe pro- 
tein purified from human plasma VLDL. The stability of the 
lyophilized recombinant apo E3 is acceptable without any ma- 
jor alteration of its immunological reactivity. This material is 
now used in an intcrlaboraioty trial in order to assess its suit- 
ability to become a reference material. 

As for apo Al and B, the use of a reference material and 
well characterized calibrators would reduce discrepancies 
among laboratories and improve the accuracy of apo E mea- 
surement. The diagnosis of cardiovascular disease and the fol- 
low-up of treated patients would be thus improved. 
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asaki, H. , Kimura. J.. Yoshida, Y. . Imanaka. T. ,Ta 
kano. T. . (1994) J. Biol.Chem. 269 (21) .15274) « 
C (Dtfim-^. ^ t3 - VFOH 1 a/dlE^T^m^-t 
F0Hla/DLH3^*f+it^tlTl/^-5;6K mtfimK mitV 

-r P^-v^r/^-T^t: hmOL . r-fer^/Hl^LDL ^^t^ti-t. 

[0 0 0 7] m^T*(7)^%T(lLDL (7)^ft:fi. 

®^IC±#i-6i:-r'5$R^>55^6 (Miyazawa. T. . (198 
9) Free Radical Biology 7: 209. Hodis. H.N.. Krams 
ch. D. M,, Avogaro. P.. Blttolo-Bon. G. . Cazzolat 
o, G. . Hwang, J., Peterson, H., and Sevan ian. A.. 
(1994) J. Lipids Res. 35: 669)o \^f)^\^tj:i}*^h. ^(D 

m^m\'mmxh^. i^m<omm.^w^mm\^x. ^a.^ 

mmt<r>m^\^<:>\^xk'X^timmz,^^-:>x\^^^^\^^w^x 

[0 0 0 81 ±fSL/cJ:5/.^Pp1M*ft?*-r'5fc:Je){rfi, 
t Lr^#e>n^ctn:f*:F0Hla/DLH3^i. y VHi^c^^>ft:(cJ: 



^^P^Jb;!)M-Lfc (4# 
^2p7 - 2 3 8 O 9 8-^. Itabe, H. , Takeshima. E. , 
Iwasakl, H. , Kimura. J., Yoshida, Y. . Imanaka, T.. 
Takano. T. , (1994) j. Biol.Chem. .269 (21):15274) 

[0 0 0 9] ^^\^:i<DX^^J:inm^^ 

\f^xmMm^^mif:>t^m^. :i(DXvfm»^^i>K ± 
^d.i.tim^^th^wm^i:^mx^ ^mi^mtir:iin#x 

mm^7-i 0 6 1 5 3) „ m^. ^(ommK mm 
\z^ii^mtm^%:mm^mm\^mi¥^^x'iW^titi t <o 

[0 0 10] :L<Dx^fm^(D^mt^ mm^^vmm 

tJfiL«Me^^?^f T--<>^^ vt y :/J3i®^M;^ii;t/ciy 

1/^ ^^-r:/y K— ^FQHla/DLHSeOjg^-r-Sfetflcfi. i^^ 

\^^(D\^%^mx.x\^h. 

[0 0 1 il 

\^XJisLm^(Dm\:.V^^:^^<^W^m^-r^^\T.^\i^ 

X. ^(Dm\m'i^^^'&mm^wm'r^tL^\-^n. m^ti 

m'&^nm-mm^^i^(Dx^hfz,}sb. :L<Dx,otmm^ 
%t \.xtmtj:^h<otm^xib^i)^^^m\^^^^^^ 

[0 0 12] t^oT. *^§^ti. fr^/c^t vmi\LV^^^ 

t't^i^<OX^^o 
[0 0 131 

[^SS:ft?*-r5/ci6(^^i^] JifS^S&ljf^. y^^^HS 
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[0 0 1 4] :^mmn^h\^. ^U]) >nmi:miti.x 

[0 0 16] *^^fi^;^c. -<:7^^ Y<D^^y 

[0 0 17] *^§«fl$«blC. ^^^(DMl^^XI/-^ 

w^mn\^^<>x'^^f\.^^^w^k^vc-^^^hx. ^ 

[0018] ±|BS g &<jf±^ /h. y >'5§«60®g{t:{i: J: t) 
^^-r5fetil<S:IEf^t-5fcifl=^ffil^TifiL«+(^g^^t:y ^ 

oT. ')i^m%.^K:Lmz,m\i^^x%^f\.tL\\L'^m^ 
o ^3 6 r ^ ^#tssc <h -r -5 s*ifeH{;i ct o r t it^ § 

[0 0 19] if^m^KX^fz.. ^sgy vflgK^K^t:ux» 

^tt/c-fb-g^^i^iK ^y-fepy >-^g^oD2{ii:(7)Ti//uS{;i 

[0 0 2 0] :^^p^ji^^i;i. ^i^y ^/^gS^S^Ybbx 
yy^y-r/w) ->5^ynru-3-4^><.zj^=iy >^^fcni 

X*)^„ 

[00 2 1] *«p^fis e>(;i. t$i^«c(Difii«ti3 j;o^/^ 

*3|RUfc«|«5:(c^L. MIBM^*%e^^!S^fc:UX/^^t 



X-fo6o 

[0 0 2 2] 

[<^^] *^P>S{cjoi/^x*i. y :/^iS<^®£'(t:{wJ:!<)i^^ 
^k^^fexil^ LXi/>6^<i:7!)^^. *^P>^X(i y 

fcm^^'ss ct «9 ^fi6^j{:is«-r -6 r <h ;5>x# ^^xm\\ 
mt^m^at {.xmhti^ y ^^flgs^^k^^f&jcj; 19 mt 

tit>x^^t\^^b j^xmmx&>^o 
[0 0 2 3] m<Dmitv^^>'>'<i!^m\:iM-r^Wit^. m 
±iftmit y ^^^^'^ Ko>5' :yy<^ u^<Dmim^:^ e 

h-:7^^ bxig^-r-5l7l:*^fflv^x^^t:y tK^w^^M 

/.C"^f?fc?>tf. rtt^cogtft:<7)|S!S-rSnit-h-::?'»iy4< 
^ v/-?^ y Ym(D-Uh LX^^S^^Ci J: 0 
*g0^oJt?>ixX:ib^!9. • »g| • ftiSJ bfc 

^tc^i^ y ^ ^-^N-^J^^jmiitf - ^ «ajS;^c;5>-P) Xfc 

6o «eoXr(50J:5/c^^eh-:/>Sr|glfa-r^|yt^^ffii> 

o^^m^^m^ :t:y^UTxmit-r^f}\ fcs^/M^. y 

^y®&(^#»*>!D. ^(OMjS»i^s*ix\ Rmf>m^'r€ 

^t^iyy<^'M^(Di,iD^t^m^rixi.'^^rc^{c^ bl 

/ScoSS^^® LXWmtt<5C>fo6fe^t:#J^^#6r t-^. 
* bX^^ife^^SSaKUXm-i^ofce^lpife^W^rft 

th^il>K ^ti%:^mvn^^>/<^W^mj2^t^::iti^X^ 

m^n 1 31 -6 nmi^ x^^j:\^ \ 

[0 0 2 4] fj:^. _tlEL/cJ: 5<^y >'fl^^<^®&^b{cj: 

!9 fe^-refeiM^sssffi-r6j7i«c^ffli>xsij;£-r5*§^. 

X^i'bi^6«lftiS'<^*^^fc■r6^ tJ-J:oX, aiJ^jSm^ 
^(^^J®!:^ bX*^-t-6::^?!>5X#^/5^ ^^^^61^ 

Cisb y ^^^:yy<i^'Mm^7^^x^mi^xm\^^xh^^\ 
[0 0 2 5] ^fc. ^cojzp^c^fctfrJl. 
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m^»t y ^^^^ ^^^^^^^^^^^^(d 2 mm(om 

[0 0 2 6] ClcT)!^. }£%ht^<D^W^mm\L'r^tAZ. 
— ^F0Hla/DLH3(D*^-r 5fci*js:^SffiYl: bXf^SSi bfc E 

L I s Afe(?)0ij«:^-r;55. ifmM'^^(onmm\zw&^ 

[0 0 2 7] ^^t::. ^^P^l^i^.^^ipi^^^ffii/^^r 
[0 0 2 81 

^»*r±f5b;^c J: 5 y ^/fl^S^T^g&^blc J: «P ^^-T^fcx 

fi. R I Afe. EL I SAit. ^KJ':ru>y hfe. 
[0 0 2 9] flirf2U)tJ:pt;i*^§^lc>»5±f5 

^^y^^:,^v>-^®(c4#S6lJ4^fitfls:4r«a^iir^C^ 

S61)/cf}nf*:^ L-C*i. i|#lc;&-r p ^ ^ p V. VLDL. LDL 
. HDLZ. HDL3. Lp(a) /.C if(7) 1 o/^In L 2 oJ^i^gg^ 

^^LT^@§ttri/>5Lp(a) m?Ltf. Scanu.A.M.,L 
awn.R.M. .and Berg. K. . (1991) Lipoprotein (a) and ath 
erogenesis, Ann. Int. Med. 115:209-218) (Omt^f^ 



u<. ^#i;li^>'K^5'^EL I sA&^m^^^:itt}m 

[0 0 3 01 WJ^K5|sf<!r U-C(^ifiL?S^55^fi^ ^m^X 
ifiLUT#fcifii?Ki^3|sf^. 3S'il>^Btfe«o«ftt^iS-^#j* 

^^'^mi.x])^^:yy<i:^nm^t i.xhx^\ 

[0 0 3 1] ^tc^ ffiy^lc^oTii. :icDX^fj:fkm^ 

-rso ^(oMm^±m^^m^xoxh&:^$ti^f^^- 
m\^nm^xtfj:\^^t)K m:^rf. o-sooMg/m 

1 . J:!9Sf*L<flO~l 0 0^ g/ml --^;ffirSR-r 

(PBS) ^;5^5^^/^e)i^#'5o 

[0 0 3 2] ^S/ctiSS^r i^tifcskm^XXJ^X^tin]) 

ccoj: 5/^jfii?g^^*l;i^^^X'5^^by >^flg^^®e^t:y 

— 3 0^:. J:l9^ff^U<ll2 5^(7)T. l'-'2 4^r0l. 

Urti. ]kiffi^)!sf43|c#^-r5^mt^;h.5y vflg^tDS 
fei^ffi. m^:^m(Ddf^y^{zj:^xi>&:^^ti^iiK 

jfiL^l M 1 ^ «9 |;i#S-re®e{bLDL S;^^0'- 1 n 

sU&xh^tm^^ti^m^\^^<^x. mitv i^mn 

#Sfei» t L -C ^Sii- 5 J: 5 * D L H 3 feift:^ffl V > 6 S 
-^.^SikSIl ii 1 ^ «9 0 . 2-1. 0/ig. 

[0 0 3 3] i^\z:^mm(^m^m^^^^xmh^hti^]) 
Tifie-r^o z(DXo^j:i7ii$^^n^:^&ti.xi^. 

[0 0 3 4] y^^yv h*—^i^mii^m\^^hti^Wi^mt 
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[0 0 3 51 zti^tDmrnm-r^^^mmcoifimi^. ^ 

f»Jgi|$fe^ Lfcms ?^*:fiO{^fii<J:4^fliaS (intima and med 

ia) ^^^iy'r-('^-i:m\^^x}^mT. »^L<*^7k?^ 

[0 0 3 6] »:u>x% roj: 

[0 0 3 71 S^ftf:i. i(iiKiffi(::J:or:fe*StT.6;6K 

-^e^^CD&B^. ^^0^3^X2. O-eO/ig (US) / 
J:9»*L<fi4 0AiB (^fi) /EaSXfcSo 

[0 0 3 81 ^^bic. m^at. 2mm^ 

10 0 3 9] mmAm(Dm. 2--3Bmzf^mwjm^^ 

JjcJkL^ ELI S A (enzyme -linked immunosorbent assa 

[0 0 4 01 

«J3 7t«;i;!JDiaLfcRPMI igife. DMEMJ#jft^(^i» 

[004 11 — :frx HG P R T (hypoxanthine-guanine 
phosphoribosyl transferase) X^^<OMMW&i:. flo 
i^!>i^lfiL?S (PCS) mtmmm^. FCSMS^PDME 

5(C:^«UT:io<o t^^. HGPRT ^ti»(7:)«m»B^ 
^UXJ:!. «?»J;tf^. P3/X63-Ag8(X63) y =i rtJlBS* 
fiATlRlC) V P3/NSI-l-Ag4-l(NS-l). P3/X63-Ag8.Ul 
(P3/U1). Sp2/0-Agl4(Sp2/0) . FO. 210.RCY3.Ag 1.2. 
3.(Y3)> U-266ARl(SK0-007) . LICR-L0N-HMy2(HMy2) . 
8226AR/NIP4>1(NP41) ^J: t'(D^j^^(Dm^Ul&^ . ISffl-T 

^mmm\^z>\:^xmy^^^:Ltt^x^^. nw^mmm^h 



m&<ommm^i : i-i : i o^/«^^j;9i-^sl. 

7t:i;i;[iDtaLfcRPMi^it^. m\m^^<Dm^m^x 

[0 0 4 2] -^LTs mmki:wm^fiti^WM±um 

r(^«^f^4:^46rJ£ilTCO»f^(i. 2 0-3 7 1:. 
J: «9 if * U < 3 7 *C<^iaS^{4=TTfT;i 5 w i ;55g 

[0 0 4 31 »:v^x^ ^^ttfc-^-u-s/ htr^UT> 0-- 
(PEG) . yyi^i/^^^. i^y-feci— /u:?hu'-f 

^/ux (HVJ) . *^?>-r>'^^x =^=L—:^^y:^/^^^ 

C(7)9^#{:iPEG PEG ^{^ffl-T^^^-g^ 

icti, «rt|x.tf. RPMIigJfe. DMEMi&^^X. ^E:(^¥1^^J^^ 
Slil t> J; e3&5pEG4000 (^S'&fi 4 5-50 fia:%SS<^) 

\z.%mx^^< ^hWM-^^. ^os. PEG *^(oaafl&^Ji 

^ttiSfls:<^l^*-r6/c*!). M;^tf8 00-1200X 

So 

[0 0 4 51 jiti/>X. ^^tLAc-<U:y h^l^Cb/c^;^^ 

PCS ^jdDHAT isfi&^<^?ai»^i&ife^. mmmmim- 

1 X 1 0 6 1 X 1 0 7 SfflJia/m 1 Jfe-S J: 5 (c. t^o 
#r>.c/w{;i5^^L. M.g^3 7t:. C02 7 %. 

msi 0 o%(^^i4^Tx*^«-r6o ^.c:?b\ jg^^r.i^. 

;tf:f. S^OtcFCS SS*JRPMIJ«ta^(^*im«llfiS:-< k^>' h 
[0 0 4 61 jB-g^L/^j^^ofc^Btaii. 3 0 S*>fci!9^^ib 

[0 0 4 7] y-riv^f^, R I Am. EL I S A 

TbK r(7:)5*'b»^b< fiEL I SAifeXfcSo feiM^ L 
Xfi. CuS04 i: 3^PHm±SlSS*'5C^lcJ:!9# 
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htitcmimi irmm-r^o *j^^m\^jt^cx. mm^toid 
fm. (d^o^^taoL t<DRjt^xmm t^j:^mmi^^ 

[0048] ^LX. !J-=^>^vmmtfj:orci^ 

fi. PS^*|Rte (limiting dilution) . "^mW^-^^^ 
3. U — i/a :/^(single cell manipulation) /.^ t'^ffil/ > 

[0 0 4 9] ^n--=.:y^\^fzMUt^^tjmi\^X%fz. 

±l2^l^^t^-uT::^^^y-^>^^^^T/.^v\ ^^^^^ 

[0 0 5 0] /j^ib\ t#e»ti.;^c/>^yy K— ^(^{^??&<i: 

07'-2 X 1 07 90%FCS. 10%v^7f^ 

/u;x./V7;*-^^/K(DMS0) l'-'2mm^(;i^^SL-C. WL 

[00 5 11 Balb/c^^>;:^^fflV^T±l2LfcJ: 

(^^'X (Itabe, H. , Takeshima, E. . Iwasaki, H. . Kim 
ura. J.. Yoshida. Y. . Imanaka, T. . Takano. T. . (19 
94) J. Biol.Chem. 269 (21): 15274) 

f^^:S:(C|B«c^tLTl/^5feift:FOHl a/D 
LH3(i. -^.nVv^T/^^t: K<gg$LDL (MDA-LDL) . Tir 
^/Kt:LDL(AcLDL)i:Ji. L./c^</\feT% 4#{;i*ff^H/> 

--^r^x /N^:/y K— ^ir/U^^:^ F0Hla/DLH3fl. 

PERM P-14153«^ft^$t^.TV^S„ 
[00 5 2] ^ D— :h/Ufet^FOH 1 a/DLH3 
LDL ^^-f :?|->'^ffll/^XAX61J^cS^>^t:LfcLDL (w^S 

Vv^r/i-T^^t: K{b^. . Tirf^/Wb^'cf ^) XLDL 

iS;Lnci/\ u^^u LDL ^j^s^^-sy tk^j' w?^axfo 
-siiiifcay i^^^ (HDL) ^e^-ftu^ctotrtt 



[0 0 5 3] \^t^\^fi:t-h. *«PJI-#>6 y 

[0 0 5 4] L^^UTs *5l§^^:I*5l^TffiV^f>nS:S^g 
y ^^re«4rAX6lJJcK^b§1i:T^§bnfc:^l:-&«l:fc 

[0 0 5 5] ')i^m^^Kx.mz.m\\L\.x'^hf\.h\\L^ 

Sr^SffUXr/^7'fc KS^ L?tt>(0^-^tf) Xfct^tfJ: 
«if^L< riJ^:5^>^Tf"i^/i-=»y -^^T^yy^^^ 
/i^^^y— /i^r ^^-^ 7^;^:7r ^v^/i^-fe^y AtN;^y^r 
^i//u-f y h~/K ^>^:7r^v^/^^y ir P~yK 
j^>^:7r^v^/u^y -ty ^^/^^f<^:^^y-fet3 y # 

^ y ir a 2 mzy^m^T 'yfV^t^'i^^ L X I ^ 

'T\iYm^^^^^hmmm^mt\.x\^^ z(DXz>fj: 

[0 0 5 6] ^^y :/^gS^®&fl:LXl#^)tb/h 

>fL^ife?i: UXJi. 1 -y^Vlx^ h-T/I^- 2- (9-^=¥y 
-t//i-'fet3-3-7}^;^/i^=iy :/^fc<il- 
[0 0 5 7] Cc;oJ:5l:iUX^^L^cy >'^gK^AX^ 
lcK^bUX#e>tb6^fe:^i^«:. ^jcs;^;!i>^*ai. »i»b 
X. ^(D^^^ipi^®<^ tXffli^6::<b;$5x-#'5?5'^ X. 

;:^a'j^>^^<b/^6y ^^:/^'^i^!H{^^Lx. ttst^iiK^ 
mmMi.xmm(^n^mm^hm^(Dit^m(omMm 

^i?)#a?S*Dl:(;i:fo%>Xta«c<7?SJS:tt^1tl*-r6^ 

mm^^rf^£^\ ^f^fcx^jsir^Lx^d-^^osjc-ffi^ 



0' y 
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[0 0 5 8] ^mn\^^^^m^m\^is\»^x\^. ursosi 
tifzM^i:::i<o^mm\m\t-^'^^^tx\ M&mz.m 

[0 0 5 9] ^/c:. ±,^<r>:^t^mmm^i:m\i^^:it 
K*D«S<7)MfS^k-&ifeS:^*-t-^S'*«!i® Affile r 

^(Dmmti:^^ni\^^oxm^<Dmm\^^vi^^o 

®<bjK'&^fC^^6„ ^tcitmMmti^x. mmmmm 

t^f^^mm^n&i^M't^^f^mErxm^ntc.tTii^f^ 

^^>y<i^^nm^mi^^ib^i>(Dx^^o 
[0 0 6 0] /cc:}b\ ^^m<o±^m^:^ms ?Si/^Lay^ 

mcj:<,xmmmmL.tc^s mj^mmo. i-img/ 

mU J:t)»^L<»i0. 2mg/mK CuS04 jg 

Ttc. 3-2 4B*^1SJS^it:5t(7)-Cfc5„ fo-SVMii 

bfd^. ^05 O'-S 0 00 n g^±fB(7>^*i:#y^^5' 
V^^^M^i^ilj 1 m 1 (m&Ml^O. l'--2mg/m 1 ) 

{;i;&D x.^SSii~ 5 1> <^ x**> 6o 

[00 6 1] 

[0 0 6 2] m^m 1 

( 1 ) mimi mm^n(7^mm 

LDLIi. EDTA^fcT:«i@?Pl(i: LTttytfc hiL^^^^ 
mm'L^^mm\:iXti:mi. 0 19-1. oe3<DU^^ 
llIiRLTfflV>^Co LDL<^*fB^«. T;«fo->^m^»«I 
m-ofi V >^ K ;t 5 <!: ^1^^ Kmm b 
0. 2 SmMEDTA^-g-t^PB S^?g (pH7. 



4) Iw^fLT+^J-t-SWU S&^l:;!i^?>LDLS6 1 

mg/ml 0. 25mM E DT A- P B Sj§^K (p 
H7. 4) ^ UX4^-C»#Lybo 
[0 0 6 3] 1 ->;nVU^ h-f/U-2- (9-^^yy:^ 
y-f/u) -^yiro - 3-3^:^7^=3 y >*5j:t/l -^vu 
l>-r/^-2- (5-:^:¥y>'^Un^/l>) -^/yirn- 
3-;iJ^>^7i^=i y >'f^, [K. E. stremler et al. , 

J. B. C. 266(17) (1991) 11095-11103] {CfB*c(^:&ffi 

- 2 -r7=^ Ky-f >'U-:^^>'W-fen- 3-5^;^^=i ]) > 
i-^uu : y ^ y — : 7K= 10:5:1) (7)^ 

y-T/w) -^/y-tp-s-Tt^jxTf^n y ^^iQj:t/i -y-^/u 

^^-^71^-2- (9 -;^:3f-y/^un>r/P) -^yirn- 

/u-2- (9-::^^yy-t-y>r/u) -^/yiro-s-Ti^ 

y >-:JSj:t)^l h>r/l^- 2- (5-;^^y 
y^UD^/u) -i/y-irn- 3-/^;^^/^=! y >^<?DMS<i. 
iStSHFLC (ODS;j?;^A, 20niMlS. 
>ffe;r3 y :/7K^?g : h y 8 7 5:1 0 0:2 

5) icTm-t'-^*^;t^::i:*:«ffli;iMIEL. i^n 

ni;}>>rWA-ni^y-/V (1:1) l^^^lZX - 2 OX:X 

[0 0 6 4] ^YbLD Lli!$I^M (PC9CH0-LDU ^XXJ^ 
PC5CH0-LDL) (1. ±iELDL^?e (1ml) {C±fe 1 - 

h^/u-2- (9->^^yy-^y>f /V) -^y-t 

c2-3-/-f^;^7}^=iy (PC9CH0) t^tcUi h-f 

/U— 2- (9 -:sh;3ry^<Un2-f /l^) - y ir C3 - 3 -t^ 
>^3^=» y (PC5CH0) 5 0 — 5 0 0 0 n gtfODMSO^ 

(1 0 0 1) <lrAD;t^r <!:{;i<i: «9l^®iL7to 

[00 6 5] L D L icM-r^vcQaoa^mm^M&^ikfi 

UybJg*. 01(C^-rJ:5f-LDL (Img/ml) C: 
>^LT. PC9CH0^5Mmo m±^AD-r^ ^ T'D L H 
3 inm:^M \.X^\:i-^<D^it^\^i:7r:'rmit L D L^tp 

[0 0 6 6] (2) K-f ix^E L I S A5^W 

h{;iPB Sr-^«^TDLH3fei:^*: («-l ;x g/[> 

ItT. 1%B SA-TBSS*g (pH8. 0) 3 5 0 fi 

0. 0 5%Twe e n 2 O^-atf h y y^^fj^SA 
iSTK (0.05%Tween-TBS pH8. 0) X3\E]mr^-r^o 
^(D^. m^tLDLm^m^a (PC9CH0-LDL O-SO/xg 
/d 1) . *5J:r/l%BSA-4%PEG-0. 2 5m 
M EDTA^^tflOmM PBS^jK(pH7. 
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4) VI 6 0 Ofg*3RU^ct! hJfiL«t^i>aL. 

^ninmi^ti^. 0.05%Tween-TBS (pH8, 0) V3\b\ 
m^-r^o 1%BSA-PB S^T'l 0 0 Ofg^rJKL 

(Sia p oB^y^ n~-:h/Uj5t^ (MOAB ANTI-APOB MIA 
1610. MEDIX BIOTECHINC.ttii). Sr-^U-f^ KfcSrfflV^ 
T-</W:^^t^i5^-'^T-S?ffiUrP3S8LfCo ) 1 0 0 1 
^;tlPX. m.WLVZOm^Wim.'r^o 0.05%Tween-TBS (p 
H8. 0) T-aiUac^b/ji^. o-'7zxL=z,ui^i^r^l^ 
3mg/ml *^tPO. 0 3 %ig^^t;7K^7jcl 0 0 1 
^;[JD^T^feS'fr. 2 0$)^^(;i2Nffi®&5 0 ;z 1 -C^JC 

[006 7] (3) t hjfiL« (M^Aib^J:t;^.iiSSgS3^ 

s# (4 9«) sr>pt^'(raij^Lfca %m^mmti.x 

</>«J^# (3 0*) Sr^f^^Ujto ®&{bLDL (PC9CH0 

-LDL) ^w^^v.ti.f^^m.mmmm^^x3WLm^mz. 

[0 0 6 81 IIJfe«?fl2 
DLHSfetft: [1 Dm g/ml 5 0 mM Tris-HCliSS 

WMipHS. 0) ] ^9 6:A::/u- i^oi/u^t) 
l/ig/lOO/i l-5o;[JDXx 4X:T*lBft#gLy^Co 0. 
059fiTween-TBSX-3liiac}^^. 1 %B S A^^tfTB 

(pH8. 0) 3 5 0 II \ ^i\l^^WLX2mmyt2 >y 
=^>^i5^UfCo 0.05%Tween-TBS-C3lH]ac?#^. ^JS^lI 1 

^kPCQCHO (24Mg/ml) . J: 1 %B S A- 0 . 
25mM EDTA^^tf 1 OmM PBS^?g(pH 
7. 4) -ei O-'l 0 0 0 0 0<&(C*«^Lfct hJkJBt 

(50^1 1) ^^<M^LT^)Dx. 2 5x:ximmnm 

L/C, 0.05%Tween-TBSX5leI«cy^Ufc^. HRP^^Hffi;^ 
h 1^:7" h r Ifv^i^ (VectorttSi) (5;xg/l%BSA 
-lOmM PBS-0. 0 5%TB S-Tween ) 10 
0 u 1 ^Mx,X2 5X:\CX S^i^mMcmi^tCo 0.05%Tween 
-TBST5lHl«cj^Lfc^. OPD^mi-T^fe^ii:. 2N 
aS&S?K-eSlS«rfPil:$iirfc^. 4 9 2 nm<DvA^m^ 

[00 6 9] fj:^^ ay^(;l^v^/c:t hJk^ti. ®&{bLD 



Lffi;652 1. 0. 68. 2:fcJ:tJ^l 1 7. 8ng/ml 
PC9CH0S0D#J-&$:PC9CH0^??^^ «lft:0*3R 
#PC9CH0tOfi|^dS5 0%^^;teifiLSI<7>*IR^^ L-C^E: 
[0 0 7 01 

AX6^ b ^ -^r^ ^ n.fc'f J: u?/^ fc ^ K 

mm^B^x\ ^x(Dmm^^^^B^*^h^o mmm\c^ 

tz^^(Dmm^^n\:^ X !9 ^ t> xfe s r ^ V N 
-5fc*!). :z(D^m^^^^^x^m-rtn:i. Jiiaor,^: 

[la 1 1 ^mm(Dmmm i i^:*3i^xissi$tT./c:g&^t:y 

>'flg« (PC9CH0) (DLDLizM-r^mM&tiTiWKJS^ 

im 2 1 :$:^m<^mmm l ^;l:^b^^/^T#bi^Ac®^^t:LDL 

(PC9CH0-LDL) irmm^atLfc^&m. 

m 3 1 1 ^r4ba^TffiJm^«Cl-0^/^T 

m 4 1 ^^m<DMmm 2 {ciov^x^#^n^tJfiLSl^f^ 
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